Introduction {#sec1-1}
============

**What was known?**

1\. Production of inflammatory cytokines in sebaceous glands can affect the development of acne.

2\. Sebocytes have been identified as bioactive vitamin D-responsive target cells.

Acne is a multifactorial disease based on an alteration in the pattern of keratinization within the pilosebaseous follicles, resulting in comedo formation, increase in sebum production, which is influenced by androgens, proliferation of *Propionibacterium (P.) acnes*, and peri-follicular inflammation.\[[@ref1]\] The sebaceous gland plays an important role in the pathophysiology of acne. Excessive sebum production and its abnormal lipid ingredients play an important role in contributing to the formation of the primary lesions associated with acne.\[[@ref2]\]

Vitamin D regulates the growth and differentiation of keratinocytes and other cell types as its bioactive form, 1,25-dihydroxyvitamin D3 \[1,25(OH~2~)D~3~\]. Recently, sebocytes were identified as bioactive vitamin D-responsive target cells, indicating that vitamin D analog may be effective in the treatment of acne.\[[@ref3]\]

Based on previous studies that substance P and dihydrotestosterone might be involved in the production of inflammatory cytokines in sebaceous glands in acne,\[[@ref4][@ref5]\] we conducted this study to define the effect of vitamin D on the expression of inflammatory biomarkers from sebocytes, such as interleukin-1β (IL-1β), IL-6, IL-8, and tumor necrosis factor-α (TNF-α), and matrix metalloproteinase-1 (MMP-1), MMP-3, and MMP-9.

Materials and Methods {#sec1-2}
=====================

Sebocyte culture {#sec2-1}
----------------

Specimens for sebocyte culture were obtained from the non-balding occipital scalp region of patients with androgenic alopecia. The specimens were obtained under their consents.

Sebaceous glands were isolated from dissected hair follicles under a binocular microscope and transferred to a tissue culture dish. The cells were maintained in Dulbecco\'s modified Eagle\'s medium (DMEM; Hyclone Laboratories, Logan, UT. USA) at 37°C in a humidified atmosphere of 5% CO~2~. Explants were left for 5 days then the medium was changed to Epilife (MEPI500CA; Gibco BRL, Grand Island, NY. USA). The medium was changed every 3 days. DMEM was supplemented with penicillin (100 U/ml), streptomycin (100 μg/ml), and 20% heat-inactivated fetal calf serum (Hyclone Laboratories) and Epilife was supplemented with penicillin (100 U/ml), streptomycin (100 μg/ml), and fungizone (250 μg/ml).

After cell outgrowth became sub-confluent, cells were harvested with 0.25% trypsin and 10 mM EDTA in Hank\'s balanced salt solution and sub-cultured at a split ratio of 1:3. Cells obtained after the second passage were used in this study after identifying the cultured sebocytes with hematoxylin and eosin, Oil red O, Nile red (Sigma, St Louis, MO. USA) staining, and immunocytofluorescence against cytokeratin 1 and 7 (Chemicon, MA. Billerica, USA).

Treatment of cultured sebocytes with vitamin D and vitamin D receptor siRNA {#sec2-2}
---------------------------------------------------------------------------

The cultured sebocytes were treated with 1,25-dihydroxyvitamin D3 (vitamin D) (10^−10^-10^−6^ M) for 5 days. The concentrations of vitamin D were decided after CCK-8 assay (Cell Counting Kit-8; Dojindo Laboratories, Kumamoto, Japan). In one experimental group, a vitamin D receptor (VDR) small interfering RNA (siRNA) was added into the cultured sebocytes to inhibit the expression of VDR. After then, vitamin D (10^−10^-10^−6^ M) was added to the VDR siRNA-treated cultured sebocytes for 5 days.

siRNA duplex oligonucleotides were purchased from Bioneer Corporation (Daejeon, Korea). Transfection was performed as indicated by the manufacturer. One day before transfection, sebocytes were seeded at a density of 3 × 10^5^ per well in six-well plates with 2 ml of Epilife without antibiotics. After 1 day, the growth medium was removed from the cells, and 500 μl of fresh Epilife was added. For each well to be transfected, siRNA duplex-Lipofectamine^™^ RNAiMAX complexes were prepared. The siRNA duplex and Lipofectamine RNAiMAX (Invitrogen, Grand Island, NE. USA) were diluted in 500 μl growth medium, and they were mixed and incubated for 20 min at room temperature. Then the mixture was added to each well containing sebocytes. The cells were incubated 48 h at 37°C in a 5% CO~2~ incubator. For selecting efficient siRNA, we used three types of siRNAs at 100 nM concentration. The sequences were VDR1 (siRNA no. 1161711: 5′-CUAAGAUGAUACCAGGAUU, 5′-AAUCCUGGUAUCAUCUUAG), VDR2 (siRNA no. 1161712: 5′-GACCAGAUCGUACUGCUGA, 5′-UCA GCAGUACGAUCUGGUC), and VDR3 (siRNA no. 1161707: 5′-CCAACCCAUCAGAAGGAGA, 5′-UCUCCU UCUGAUGGGUUGG). Then we selected one and transfected with various concentrations, 10, 20, 50, and 100 nM, for optimal concentration. We performed reverse transcription-polymerase chain reaction (RT-PCR) to assay decrease in gene expression.

Reverse transcription-polymerase chain reaction {#sec2-3}
-----------------------------------------------

PCR amplification was repeated in quintuplicate using a first-strand cDNA synthesis kit (Promega, Madison, WI. USA) and oligonucleotide primers (Genotech, Daejeon, Korea) for IL-1β, IL-6, IL-8, TNF-α, MMP-1, MMP-3, and MMP-9 \[[Table 1](#T1){ref-type="table"}\]. Image J (NIH Image, Bethesda, MD, USA) was used for quantitative analysis. The mRNA levels were normalized to β-actin, which was presented as the control group, and represented as a relative ratio.

###### 

Primers of biomarkers
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### Total RNA extraction {#sec3-1}

Total RNA was isolated from the cells using the TRIzol reagent (Invitrogen) according to a modified acid phenol method.

### Isolation of mRNA {#sec3-2}

mRNA was isolated from total RNA using the Dynabead mRNA purification kit (Dynal, Carlsbad, CA. USA).

### RNA amplification {#sec3-3}

cDNA was synthesized from 5 μg total RNA using the cDNA synthesis kit containing ImProm-II^™^ reverse transcriptase and random primers (Promega). PCR amplification was conducted using GoTaq Flexi DNA Polymerase. All amplifications except IL-1β were performed for 35 cycles using the following conditions: 95°C for 1 min, 56°C for 1 min, and 72°C for 1 min. IL-1β amplifications were performed for 25 cycles using same parameters.

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was carried out on all data by analysis of variance (ANOVA). A probability value less than 0.05 was considered statistically significant.

ELISA {#sec2-5}
-----

Analysis of IL-1β, IL-6, IL-8, TNF-α, MMP-1, MMP-3, and MMP-9 (R and D Systems, Shanghai, China) by enzyme-linked immunosorbent assay (ELISA) followed the manual provided by the manufacturer. Vitamin D (10^−10^, 10^−8^, and 10^−6^ M)-treated cultured sebocytes were evaluated. Briefly, we added 50 μl of the samples to each well in duplicate. Then, 50 μl of biotinylated antibody reagent, 100 μl of prepared streptavidin-horseradish peroxidase (HRP), and 100 μl of a premixed TMB substrate solution were added to each well in order. We developed the plate in the dark at room temperature for 30 min; stopped the reaction by adding 100 μl of stop solution to each well; and finally measured absorbance using a VERSAmax microplate reader (Molecular Devices, Sunnyvale, CA. USA).

Results {#sec1-3}
=======

Expression of IL-6 and IL-8 in cultured sebocytes decreased after treatment with vitamin D {#sec2-6}
------------------------------------------------------------------------------------------

The gene expression of IL-1β, IL-6, IL-8, and TNF-α from cultured sebocytes did not show significant changes after treatment with vitamin D (10^−10^ -10^−6^ M) (*P* \> 0.05) \[[Figure 1](#F1){ref-type="fig"}\]. However, in ELISA, release of IL-6 and IL-8 from cultured sebocytes showed a significant decrease after treatment with vitamin D (10^−6^ M) (*P* \< 0.05) \[[Figure 2](#F2){ref-type="fig"}\]. The gene expression of IL-1β, IL-6, IL-8, and TNF-α in the VDR siRNA-treated sebocytes was not blocked after treatment with vitamin D (10^−10^, 10^−8^, and 10^−6^ M) \[[Figure 3](#F3){ref-type="fig"}\].
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Expression of MMP-1 and MMP-3 in cultured sebocytes increased after vitamin D treatment, whereas MMP-9 expression decreased {#sec2-7}
---------------------------------------------------------------------------------------------------------------------------

The expression of MMP-1, MMP-3, and MMP-9 in cultured sebocytes did not show significant changes after treatment with vitamin D \[[Figure 4](#F4){ref-type="fig"}\]. However, in ELISA, release of MMP-1 and MMP-3 from cultured sebocytes showed a significant increase after treatment with vitamin D (10^-6^ M) (*P* \< 0.05) \[[Figure 5](#F5){ref-type="fig"}\]. On the contrary, ELISA analysis of MMP-9 from cultured sebocytes showed a significant decrease after treatment with vitamin D (10^−6^ M) (*P* \< 0.05) \[[Figure 5](#F5){ref-type="fig"}\]. The gene expression of MMP-1, MMP-3, and MMP-9 in the VDR siRNA-treated sebocytes was not blocked after treatment with vitamin D (10^−10^, 10^−8^, and 10^−6^ M) \[[Figure 6](#F6){ref-type="fig"}\].

![Effect of vitamin D on the gene expression of MMP-1 (a), MMP-3 (b), and MMP-9 (c) in cultured sebocytes](IJD-58-327a-g005){#F4}
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Discussion {#sec1-4}
==========

Acne vulgar is is a chronic inflammatory and multifactorial disease caused by an alteration in the pattern of keratinization within the pilosebaseous follicles, resulting in comedo formation, increase in sebum production, which is influenced by androgens, proliferation of *P. acnes*, and peri-follicular inflammation.\[[@ref1]\] It is well known that *P. acnes* GroEL (heat-shock protein HSP60), bacterial cell wall factors, stimulates the production of the proinfammatory cytokines IL-1β and TNF-γ from human keratinocytes.\[[@ref6]\] Similar to keratinocytes, human sebocytes also express functional receptors for various substances such as corticotropin-releasing hormone.\[[@ref7]\] The biological function of sebocytes is further regulated by several factors, including ligands of receptors expressed in sebocytes, such as androgens and estrogens, PPAR (peroxisome proliferator-activated receptor) ligands and neuropeptides, liver-X receptor ligands, histamines, retinoids, and vitamin D. The ligand--receptor complexes activate pathways involving cell proliferation, differentiation, lipogenesis, hormone metabolism, and cytokine and chemokine release.\[[@ref8]\] Abnormal colonization by *P. acnes* has been implicated in the occurrence of acne via induction of inflammatory mediators. It stimulates the production of inflammatory cytokines, including IL-1β, IL-8, IL-12, and TNF-α, from both keratinocytes and sebocytes.\[[@ref9][@ref10][@ref11][@ref12]\] Both cell types can be activated by *P. acnes* via Toll-like receptors (TLRs), CD14, and CD1 molecules.\[[@ref11]\] Expression of TLR2, TLR4, TLR6, and CD14 has already been documented in SZ95 sebocytes.\[[@ref13]\] Recently, several studies presented some results that could reduce acne development by modulating sebocytes. TNF-α was revealed to induce lipogenesis in SZ95 human sebocytes through the c- Jun N-terminal kinase (JNK) and phosphoinositide-3-kinase/Akt pathways.\[[@ref14]\] Regulation of stearoyl-coenzyme A desaturase and fatty acid delta-6 desaturase-2 expression by treating SZ95 human sebocytes with linoleic acid and arachidonic acid leads to enhancement of proinflammatory activity but did not affect lipogenesis in human sebocytes.\[[@ref15]\]

Our former study showed that slightly increased immunoreactivity to IL-1β, IL-6, and TNF-α was observed after adding substance P and dihydrotestosterone to cultured sebocytes.\[[@ref4][@ref5]\] In general, the effects of vitamin D are not only important in calcium homeostasis, but also in immune regulation, cell growth, and cell differentiation. Binding of vitamin D to vitamin D receptor stimulates the proliferation of sebocytes, and inhibits the differentiation and lipid synthesis of sebocytes.\[[@ref16]\] According to our experimental data, we report that vitamin D shows a decrease in the production of inflammatory biomarkers, especially IL-6, IL-8, and MMP-9, from cultured sebocytes. Likely to our result, Krδmer *et al*.\[[@ref17]\] reported that vitamin D reduced the secretion of IL-6 and IL-8 in the supernatant of SZ95 sebocytes. Zhang *et al*.\[[@ref18]\] also demonstrated that vitamin D inhibits monocyte/macrophage proinflammatory cytokine production by targeting mitogen-activated protein kinase (MAPK) phosphatase-1. Vitamin D can modulate MMP expression.\[[@ref19]\] Especially, MMP-9 is decreased by treatment with vitamin D.\[[@ref20]\] Based on our study, different from other inflammatory biomarkers, expression of MMP-1 and MMP-3 was increased by treatment with vitamin D. Moreover, it is suggested that blockade of VDR did not show a significant change in the gene expression of inflammatory biomarkers in cultured sebocytes after treatment with vitamin D. It is reported that the repressed cytokine production by vitamin D could be explained partly by the reduced cell membrane expression of TLRs.\[[@ref21]\]

In conclusion, expression of IL-6, IL-8, and MMP-9 from cultured sebocytes decreased by treatment with vitamin D. On the contrary, expression of MMP-1 and MMP-3 from cultured sebocytes increased by treatment with vitamin D. Therefore, it is thought that the effect of vitamin D on sebocytes should be further evaluated for applying it as a promising therapeutic agent in acne vulgaris.

**What is new?**

1\. Expression of IL-6, IL-8, and MMP-9 from cultured sebocytes decreased by treatment with vitamin D.

2\. Expression of MMP-1 and MMP-3 from cultured sebocytes increased by treatment with vitamin D. On the contrary, expression of MMP-9 decreased.

3\. The gene expression of inflammatory biomarkers in VDR siRNA-treated sebocytes was not blocked after treatment with vitamin D. Therefore, it was suggested that cultured sebocytes were not influenced through VDR.
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